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1. Ffj'-'J^CT HO. 1 - Cold V.'eather Operations, r.nb-Project No. 1-11, 
Influence of Cold Upon the Kfficiency of fersonnel^ 

a. Authority - letter Commanding General, ileadquartera Arrrored 
Force, Fort Knox, Kentucky, FiL? UOO,112/6  GTOHD, dated September 24,1942. 

ho     Purpose - To determine the influence of exposure to cold upon 
the ability of men to  perform certain psychomotor tasks. 

2, DISCUSSICW; 

a. The consensue of opinion fror, experienced Arctic observers 
indicates that life under condltione of extreme cold affects both physical 
and mental efficiency. It is iiapoasible to obtain quantitative data since 
Kiont otatener.ts are based upon personal experiences.  It appeared therefore, 
that ntudy of t'ne functions of the central und peripheral nervous syt-teras 
Blight reveal measurable alterations in the prociptitude and quality of re- 
ponno of the nervous 5; Ptera to various stimuli. Reaction ti;ae and responses 
to different stimuli are quantities readily capable of exact measurements by 
means of suitable apparatus. 

bo Tests have been wade on subjects living continuously in the 
cold and on others periodically exposed to lov.- temperatures. The data and 
conclusions obtained from these sensorl-irotcr tests vill be presented in 
this report. 

3,  C --^-ir IQMS: 

a. The reaction time to visual stiruli is not altered by a cold 
environment. 

b. Dexterity of the fingers and hand strength are rrarkedly 
ditv.inistied by exposure to cold. 

c. The best i'love convolnations now available  (the L-1943 shell 
and insert) are not capable of either keeping the hands wann or maintaining 
their functional efficiency. 

L.   ice--: 1 gJDATifcySi 

a. That in design, additional erphasis be placed on the cat;-acity 
of hand «ear combinations to uaintain dexterity and functional efficiency of 
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The observed loss in efficiency due to exposure to cold has not been 
very nlearly defined by field observers.  The common impression appears to 
be that the performance of specified tasks requires the services of i.iore 
man hours—the commonly stated ratio varying from tuo to l*our times that 
required to c.o  the ,10b under temperate en .ironmental conditions.  Comprehen- 
sive time studies have not been made,  ;iuch problems cannot be adequately 
studied in the laboratory,  Hov.-ever, related problems, -such as hand strength 
and finder dexterity ^re capable of analysis and solution.  The hands and 
their adequate protection are of prime importance to a soldier, since +hey 
must be used conxAnu^lly ^nd efficiently in the handling and repair of 
weapons and personal equipment, ' 

During the past year conH.lderable tnlormation iias been obtained in an 
atteupt to clarify these problems, These studies were conducted at -20oF 
(-28.90C) with zero v.ind velocity,. Tills temperature was selected because it 
was considered to be the lowest towperature at which both the personnel and 
the vehicular equipment of the Armored CoBBiand •••ould be able to function with- 
out the occurrence of serious breaküov.ns0  Observations 'f.'ere made airing two 
types of cold exposure: 

a.  Long tern.—up to fourteen (Ik)  days of continuous residence in the 
cold room, and 

b«  Short term - acute exposures of three (3) hours,duration. 

The tests employed in these studies v.ere: 

(1) ' imple Visual   ;iscrindnation ileaction Time 
(2) Johnson  Code  Test 
(3) The gear assembly test devised at the laboratory 
(U)  Hand Irip Test - iynanometer 

Twenty-two (22) men ho lived in he cold chamber for periods of eight (8) 
to fourteen (14) days were subjects for one group of experiments. These men 
were exercised outdoors for ten oays and then were brought into the air con- 
ditioned laboratory (t mperature 70°? relative numidity 50^)»  After four 
days in thi:.) environment the;/ entered the cold room, temperature -20oF, and 
remained there continuously for from eight  (8) to fourteen (lit) days.  After 
arising from their sleeping bags, their daily routine r;oncisted of the 
following] psychomotor tests, breakfast, a one-hour walk at 2,5 miles per 
hour, a period of quiet sitting for two uours followed by lunch.  After lunch 
there was an hour's walk also at, 2.5 miles per hour, a half hour of heavy 
work, another hour's walk, psychomotor tests and then cupper.  The evenings 
were free periods with fjütertaimrent in the form of motion pictures. Partial 
escape from the cold wa:- possible by the provision of a soall hut in the cold 
chamber, the temperature of which was above zero but below freezing.  The men 
usually retired early in the evening to their 'leeping bags.  These men wore 
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t.he six pi^ce arctic assembly with rr.ukluks and felt boots (Alcan type ) „ 
The haniwear used was the } -1943 mitten combination. 

The acute exposures consisted of periods of three hours at temperatures 
cf approximately -15°F. Seventy men (fifty white and twenty negro) were 
used in these tests, the only psychomotor test made on them being the grip 
strength teat. These men were dressed exactly alike, (Arctic Zone Issue 
! -1943) an- were exposed to the cold on three successive mornings, 

Johnson Code Test 

This test is presumed to measure responses at a cortical level. 
However, . ince the test requires trie use of a pencil to write down single 
letters of the alphabet, the test had for our purposes additional value as 
a ".easure of finger dexterity. An initial period of instruction and 
practice was -iven to each man prior to the first experimertal session, in 
order to familiarize hira with the tests and to advance his performance 
beyond the stage of rapid learning. The extremely long learning curve 
v«hich.wac. found to occur with this test was a handicap. Although the Johnson 
Code Test was performed ith and without mittens, (wool, trigger finger) the 
rsvults pre rented are only those when the mitten was ivorn. Two tests were 
jIven at each session. The data are presented in terms of corrected scores, 
t -e time required to perform the test adjusted for the errors made,, In this 
tost, the poorer performer has the higher score# 

Sine;? + he individual curves had the same general configuration, an 
average c'irve is presented in Fig. 1. Trie men appeared to reach an equili-
brium state in their scores just prior to entering the cool environment and 
remained close to this level during their stay at •720F. Their performance 
was markedly inhibited by an environment of -?0°F. The influence of cold 
on anility to perform the Johnson Code test is apparently masked, by an un-
completed learning curve as is evident from the tests made in the follow-up 
period at a cool environment (+72°F.) which reveal continuing improvanent 
in accordance with the trend line. 

There is immediately a question as to which of the tuo factors acting 
in this test, cortical activi ty or linger dexterity, are primarily affected 
by the cold, Since there was no increase in the number of errors made by 
the men—the possibility that cortical activity may be impaired appears to 
be ruled out. It is probable therefore that the influence of cold is most 
evident in loss of finger dexterity., 

The abilities to approximate the lingers and to flex and straighten the 
ba-al joints are presumeably affected by exposure to cold. The movements 
requiring the apposition of the thumb anc! fingers are concerned in many 
grasping and manipulative movementsj activities such as writing, buttoning 
coats, working radio knobs, etc. become difficult. 

Gear Test 

Tor: of the twenty-two subject? v ere t e s t ed on the time required to 



disseable and reassemble a Peep «ifferential ring gear assembly.  The 
-subjects wore wool  Mittens and were required to use a baraiaer and an open- 
end wrench in addition tö the banäs for this nanipulative test. Eight re- 
cessed nuts and bolts held the assejabljr together. A period of time for 
practice was again allotted the subjects to get them beyond the learning 
stage before actual testing began. 

In general the reaults of this test, «ere similar to those found for the 
Johnson Code Test. All men  gave poorest perfomances when doing the test in 
the cold.. In the cold environment, the average performance for the- best two 
rcon was increased from approximtely two and a half minutes in the cool to 
four minutes in the cold„  Like all testa of this type there was a oonsider- 
aWe difference in the amount of deterioration that occurred; the best 
subjects showed the smallest degree of change and the poorest the greatest 
change. 

Simple Visual iJiscrimina-ion Reaction Tirae 

The lüscriminalive reaction tire, two choices, was ressured by a one 
hundredth second standard electric time clock, the lighting of one of two 
neon tubes being used for the stimulus.  Thia test was used as a measure of 
speed and precision.  Each subject was given fifty trials and the average 
of all trials was used to inaicate his performance.  This test, while easy 
to give, also has a long learning period and is not readily applicable to 
studies of short duration,- hinor inattentiveness can also produce consider- 
abls variation in performance,, 

Fig. 2 illustrates the typical responses observed 5n all of the subjects 
tested.  The early portion oi   the learning curve is omitted.  No alteration 
in reaction time was detected either during the exposure to \he  cold or as 
an after-effect of cold exposure.  In ten (JlO) of the twenty-two (22) men 
given this test, we noted a snarp decrease in response on the first evening 
test in the cold environment. Following this initial lower response, the 
reaction tiieea returned to their former values and exhibited only minor 
fluctuations thereafter.  In general it appears that cold has no influence on 
speed, preci-.ion, nor reaction to visual stimuli as neasured by this test. 

Tests were cade rot only at the beginning and the end of a day's work 
but also during the day Lmnediritely following a bout of exercise, l-io  effects 
due to fatigue were observed,, 

Grip Pre:.surt; (Hand Strer^th) 

It was possible to i.-,ake a study of the grip pressure exerted by seventy 
(7t ) subjects on each of three successive days of exposure to the cold.  These 
men sat quietly for three hours each morning in the cold room at an ambient 
temperature of -1C to -14ÜF.  They were dressed in similar clothing and all 
wore tht same glove combination, viz. mitten, trigger finger insert, wool 
y-1943 and mitten, "hell, trigger finger K-1%3-     Each man's grip was neasured 
prior to entering the cold roora anu again immediately preceding his exit after 
three (3) hours of quiet ; itting.  The outer shell mitten was removed and the 

c. ~-J ft  / - 3 - 

.,-,., • ■ •   ..„-.-, 



- -    - 

hand  strength measured v.itb  the  wool  mitten on the Viand.     A hand 
dynamoneter,  calibrated in lilograxs,  was used  to measure the hand strength» 

The average grip treasure exerted  by the men was approxiraately 53 
kUograsts.    This was  decreased to  sola«  45 kilograms when the mittens were 
worn  (Table 2).    T!ie suojects   showed v/lde variability in hand strengthc. 
After the ren haa sat for three  hours at, -10oF to -150F there v/as an average 
decrease  in grip strength of about twenty-eight   (2P:)  per cent  (Table  1). 
There was  no clifforanco betweaa the v»hit,e and colored  soldiers.     The colored 
groups were  in the cold for only two  and one half hours  instead of three 
hours required of the white  soldiers»     The   frequency distribution of the 
alterations  in hand pressure for all  subjeeta  is   shown  in Fig. 4.     It  is 
evident,  that   there  is a wide distrümtlon  in the extent of weakening which 
occurred.     For  sojne unexplained  reason  hand  strength was not diminished in 
approximately two  (2)  per  rent   of   the   trials o 

At  the time that  the  men  squeezed   the  (iynamometer,   just before leaving 
the cold  rooi",,   sijtty-flve   (65)   per cent   of   them reported their hands  to be 
"painfully <-old",  twenty-seven  (27)  per cent had hands that were  just "cold" 
and eight   (8)  per  cent had  hands   that were  only "chilly".     However,  most of 
thla last group had reported their hands to be cold with varying decrees of 
pain sometime during the previous hour   and  a half.     Ko correlation was found 
between the  subjective report  of the   serverity of oain experienced in the 
hands and   the  extent to which  grip nreasure  had decreased^ 

The loss  in hand strength became  apparent quickly in some of  our 
subjects.     Fig. 3  illustrates  the behavior  of one of  these men.     At  the end 
of  the first  half hour a decrease of  about" twenty   (20)  per cent was observed 
although the  subject's hands were  still "corifortable".     Kv';n when he reported 
hir- hands to be only cold,   he  had a   dtminution in  strength  of  approxirrately 
fifty  (50)  per  cent.     ,.'hen  control db'-ervations  were rrade at  the   same  time 
intervals at a comfortable arabient temperature (4-750F) only minor variations 
were found in the pressure  exertedc 

These data present a picture  of   the  interference with   strength and 
dexterity «hen met) are exposed to cotld   anvironments,     In general,   interfer- 
ence  is  greatest  for the man with   the   smaller grip strength and least  for 
the man with the greater grip strengjtn«     It  is also  shown that the best 
glove combination available aoes not  provide adequate insulation to permit 
;ren to maintain their hands at  their optimum efficiency.     Any loss in 
strength or  dexterity  la  of extrem«   importance  to  Armored personnel.    For 
example,  nuts and bolts  tightened in a  warm enviromaent  could not be 
loosened by a cold hand nor tlghterisd   sufficiently to prevent a  mechanical 
breakdown.    The loss  in hard strength   and finger dexterity in cold  environ- 
mentc  indicate the need for extrem«  care in the design of equipment  for  cold 
weather operations^ 
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TABLE I 

The Influence of Exposure to Gold 
On the Grip strength of White and Colored Soldiers 

PER CENT LOSS UF GRIP PR ̂S;;URE 

Day of 
Expo sure 

WHITE COLORED 

Ri'lht Hand Left Hand Right Hand left Hand 

1 

2 

3 

31 o 5 

28o6 

26,9 

28,4 

:7c7 

30.0 

"  29.0 

30,1 

27,1 

30.3 

27,0 

24.2 

Avurnge 39cO 2So7 2P07 27,2 

TABLE II 

Grip Strength of '.bite and Colored Soldiers 

At a Comfortable Arablasit Temperatur« 

aRi" JTR.:-:GTH IU KILOGRAMS 

L:EAN 

. RAKGE s 

.VHITE COLS MB) 
Without 
J'ittans 

With 
Mittens 

V.'ithout 
i'ittens 

With 
Kittens 

51 

37 - 71 

44 

25 - 68 

55 

33 - «5 

46 

30 - 72 
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FIG.   2 

SIMPLE    VISUAL   DISCRIMINATIVE   REACTION   TIME  OF   A  SUBJECT 

AT +72° F   AND   -20° F 
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FIG.   3 

CHANGES  IN   EXERTED   PRESSURE   (HAND   GRIP)   IN   A   SUBJECT 

DURING   EXPOSURE   TO   -10°   TO  -14° F 

(INITIAL  VALUE,   47   KILOGRAMS  =  I0O % ) 
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NUMBER   OF  TRIALS 
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